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A PUSHBACK FIFO 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to first-in-first-out (FIFO) memory devices and, 
more particularly, to a FIFO that enables a value that has been unloaded from the 
FIFO to be pushed back into the FIFO at the beginning of the data stream if a 
determination as made that the value should not have been unloaded from the FIFO. 
Therefore, the pushed back value will be the first value unloaded from the FIFO on 
the following read cycle. 

BACKGROUND OF THE INVENTION 

A FIFO is a standard implementation of a queue in which data is loaded into 
the FIFO in a sequence and unloaded from the FIFO in the same sequence in which it 
was loaded into the FIFO. Informational signals associated with a standard FIFO 
indicate different conditions of the FIFO, such as whether the FIFO is empty (i.e., 
whether there is no valid data in the FIFO) and whether it is full (i.e., whether there is 
no more room in the FIFO and thus no data can currently be written to the FIFO). 

With known FIFO architectures, there is no way to execute a speculative 
unload (i.e., an unload based on a likelihood that the unloaded data will be needed at 
the time that it is unloaded) because once the data has been unloaded from the FIFO 
the state of the FIFO is lost. There is no way to reload the data into the FIFO due to 
the fact that all writes must occur at the end of the input stream of data, rather than at 
the beginning of the stream of data, which is where the unloaded data would need to 
be so that it would be the first data read in the next read cycle. 

With current FIFO architectures, the FIFO control signals can arrive at the 
FIFO late without violating timing requirements. This span of time before the FIFO 
control signals must be valid is of sufficient length to enable a determination to be 
made as to whether unloading the last data from the FIFO was the proper course of 
action. In other words, if a speculative unload occurred, a determination could be 
made as to whether the unloaded data was needed when it was unloaded. However, 
with current FIFO architectures, speculative unloads are not performed because there 
is no way to put the data back into the FIFO at the location that it needs to be in the 
event that the unloaded data was not needed at the time that it was unloaded. 
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Accordingly, a need exists for a FIFO that enables the last data unloaded from 
the FIFO to be placed back in the FIFO in such a way that the data placed back in the 
FIFO is the first data unloaded from the FIFO on the following read cycle. By 
providing a FIFO with this capability, speculative unloads of data from a FIFO are 
made possible. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, a pushback FIFO architecture is 
provided that enables a data value that has been unloaded from the FIFO to be pushed 
back into the FIFO at the beginning of the data stream if a determination as made that 
the data value should not have been unloaded from the FIFO. Therefore, the pushed 
back data value will be the first data value unloaded from the FIFO on the following 
read cycle. Because the data value that should not have been unloaded is not lost, and 
is placed at the beginning of the data value sequence, the pushback FIFO enables 
speculative unloads of data values from the FIFO to be performed. 

These and other features and embodiments of the present invention will be 
described below with reference to the detailed description, drawings and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates a block diagram of an example embodiment of the FIFO of 
the present invention. 

Fig. 2 illustrates a block diagram of another example embodiment if the FIFO 
of the present invention. 

Fig. 3 is a flow chart illustrating an example embodiment of the method of the 
present invention for performing the pushback FIFO functionality of the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Fig. 1 is a block diagram that illustrates an example embodiment of the 
pushback FIFO 1 of the present invention. The pushback FIFO 1 comprises a 
standard FIFO 2, which operates as a typical FIFO. In other words, the data values 
will be unloaded from the standard FIFO 2 in the same sequence in which they were 
loaded into the standard FIFO 2. In addition, the pushback FIFO 1 comprises logic 3 
and logic 4, which both receive the same data as it is unloaded from the standard 
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FIFO 2, as indicated by arrows 5 and 6. The logic 3 is a storage element that stores, 
or shadows, the data as it is unloaded from the standard FIFO 2 and from the 
pushback FIFO 1 as "DATA OUT" 7. The DATA OUT value 7 may be the DATA 
OUT value 6 or it may by the shadowed data value stored in the storage element of 
5 logic 3, depending on whether the value that was unloaded as the DATA OUT value 7 
should have been unloaded. The pushback FIFO 1 receives information from a source 
external to the pushback FIFO that it uses to determine whether the unloaded value 
should have been unloaded, i.e., whether the unloaded value 7 was needed. This 
information is in the form of a "RELOAD" signal 8, which also affects the state of the 
10 EMPTY flag of the standard FIFO 2. The "RELOAD" signal 8 changes the state of 
h'~ the EMPTY flag such that the pushback FIFO 1 will be marked as having valid data. 
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p If the "RELOAD" signal 8 is not asserted, the EMPTY flag will be the value normally 
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generated by FIFO 2. The "RELOAD" signal 8 will not be ignored if there is valid 
81 data in the storage element of logic 3 or if the "UNLOAD" signal is also asserted. In 

pj 15 essence, the "RELOAD" signal 8 combines with internal state of the architecture 

;L comprising the pushback FIFO 1 to affect control of the pushback FIFO 1 . The 

manner in which the "RELOAD" signal 8 affects control of the pushback FIFO will 
be described below in further detail with reference to Fig. 2. 

The state of the "RELOAD" signal 8 enables logic 4 to determine whether or 
20 not the unloaded value 7 should have been unloaded. If the "RELOAD" signal 8 is 
de-asserted, then logic 4 knows that the decision to unload value 7 was correct and 
that the value in the storage element of logic 3 is no longer valid. If the value 
unloaded 7 should not have been unloaded, the "RELOAD" signal 8 will be asserted 
and the logic 4 will cause the same value to be resaved in the storage element of logic 
25 3, as indicated by arrow 9. The term "resaved" is used herein merely to illustrate the 
point that the value stored in the storage element is still valid, and thus should not be 
overwritten. In other words, the value need not actually be resaved, but merely 
flagged as valid data so that it will not be overwritten. 

If the decision to unload the value unloaded 7 was correct, the logic 4 will not 
30 cause the same value to be resaved in the storage element of logic 3 (the value is not 
marked as being valid), and on the next read cycle, the next value unloaded from the 
standard FIFO 2 will be delivered to logic 3 and logic 4 and saved in the storage 
element of logic 3. 
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Thus, it can be seen that the pushback FIFO of the present invention enables a 
speculative unload to occur, which enhances the speed at which data values can be 
obtained from the FIFO. This feature of the present invention is particularly useful 
when the FIFO is used to store instructions that are read out of some memory element 
(not shown) in a stream of instructions that will likely be executed at one per cycle, 
but may not be. 

It should be noted that there are many logical configurations that can be 
implemented as the logic blocks 3 and 4. Thus, the actual logical configurations that 
are used to implement logic blocks 3 and 4 are not limited to any particular 
configurations. Those skilled in the art will understand from the discussion provided 
herein that a variety of logical configurations can be used for these purposes. 

The "WRITE", "UNLOAD", "FULL" and "EMPTY" signals of the standard 
FIFO 2 are standard as well. When the "FULL" flag is asserted, the "WRITE" signal 
will be disabled because the standard FIFO 2 is full of data and cannot hold anymore. 
When the "FULL" flag is asserted, the "UNLOAD" signal may be enabled so that, 
during a read cycle, the data stored in the standard FIFO 2 is unloaded. When the 
"EMPTY" flag is asserted, the "WRITE" signal may be enabled so that the standard 
FIFO 2 is loaded during a write cycle. As mentioned above, the "EMPTY" flag will 
not be asserted if valid data is stored in the storage element of logic 3. 

Fig. 2 illustrates a block diagram of a pushback FIFO 1 0 in accordance with 
another example embodiment of the present invention, which shows a particular 
logical configuration for performing the functions of logic blocks 3 and 4 of Fig. 1. 
The pushback FIFO 10 of Fig. 2 also utilizes a standard FIFO 1 1, which operates in 
the same manner as the standard FIFO 2 shown in Fig. 1 . When data is unloaded 
from the standard FIFO 20, the same data is delivered to both the multiplexer 12 and 
the multiplexer 13. The multiplexer 12 is controlled by an "UNLOAD & !SAVE 
VALID" signal that is derived locally from past state, the UNLOAD input, and a 
control signal "RELOAD" that activates the shadow register. The manner in which 
the RELOAD control signal and the UNLOAD input to the standard FIFO 1 1 are 
logically operated on to obtain the "UNLOAD & !SAVE VALID" signal is controlled 
by RELOAD logic 17. The multiplexer 13 is controlled by a "!SAVE VALID" signal 
that is derived locally, i.e., from the present state of the UNLOAD signal. 
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Assuming that no data has been copied into the shadow register 1 4 at the 
present point in time, the "UNLOAD & !SAVE VALID" signal will be asserted and 
the unloaded data from the standard FIFO 1 1 will be saved in the shadow register 14. 
The "!SAVE VALID" signal will also be asserted so that the unloaded data from the 
standard FIFO 1 1 will be unloaded from the pushback FIFO 10 as "DATA OUT" 15. 

If a determination is made by the RELOAD logic 17, which is external to the 
pushback FIFO 10, that the "DATA OUT" 15 should not have been unloaded, the 
"UNLOAD & !SAVE VALID" signal will be de-asserted to prevent the next data 
unloaded from the standard FIFO 1 1 from being stored in the shadow register 14. At 
this time, the "!SAVE VALID" signal will also be de-asserted so that the multiplexer 
13 will select the data stored in the shadow register 14 to be output as "DATA OUT" 
15, rather than the next data to be unloaded from the standard FIFO 1 1 . This ensures 
that the data in the shadow register 14 is placed back at the beginning of the pushback 
FIFO stream. 

If a determination is then made by the RELOAD logic 1 7 that the decision to 
unload the data from the shadow register 14 was incorrect, the external 
RELOADlogic 17 will cause the "UNLOAD & !SAVE VALID" signal to be de- 
asserted. This will cause the data at the output of the register 14, which is fed back to 
the multiplexer 12, as indicated by line 16, to be resaved in the shadow register 14. 
On the next read cycle, the "!SAVE VALID" signal controlling multiplexer 13 will be 
asserted so that the multiplexer 13 will select the data stored in the standard FIFO 1 1 
to be output as "DATA OUT" 15, rather than the data stored in the shadow register 

14. This process of ensuring that the data in the shadow register 14 is placed back at 
the beginning of the pushback FIFO 10 stream will continue until a determination is 
made that the decision to unload the data was correct. 

If a determination is made by the RELOAD logic 17 that the decision to 
unload the data from the shadow register 14 was correct, then the "UNLOAD & 
SAVE VALID" signal will be asserted to cause the next data unloaded from the 
standard FIFO 1 1 to be stored in the shadow register 14 on the next read cycle. At 
this time, the "!SAVE VALID" signal will be also be asserted so that the multiplexer 
13 will select the data stored in the standard FIFO 1 1 to be output as "DATA OUT" 

15, rather than the data stored in the shadow register 14. If a determination is then 
made that the decision to unload the data from the standard FIFO 1 1 as "DATA 
OUT" 15 was correct, then data in the shadow register 14 is no longer valid and the 
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"UNLOAD & !SAVE VALID" signal controlling the multiplexer 12 will be asserted 
so that the next data value unloaded from the standard FIFO 1 1 will overwrite the data 
value currently stored in the shadow register 14. Any "UNLOAD" and "WRITE" 
signals received by the standard FIFO 1 1 will be ignored if the "EMPTY" and 
"FULL" flags are not in the correct states. 

Although the "!SAVE VALID" signal that controls the multiplexer 13 is 
shown as being generated by the "RELOAD" logic 17, which is external to the 
pushback FIFO 10, the "!SAVE VALID" signal is alsoderived from the "UNLOAD" 
signal to the standard FIFO 1 1 as well as the past state of the "SAVE VALID" signal. 
However, since both the "UNLOAD" signal and the externally generated "RELOAD" 
signal are available for use by the RELOAD logic 1 7 to generate the UNLOAD & 
SAVE VALID signal that controls the multiplexer 12, both multiplexers 12 and 13 are 
shown, for illustrative purposes, as being controlled by the external RELOAD logic 
17. 

Fig. 3 is a flow chart illustrating the method 30 performed by the pushback 
FIFO of the present invention in accordance with an example embodiment for a data 
value being unloaded from the standard FIFO. The data value is unloaded from the 
standard FIFO, as indicated by block 3 1 . The data value is simultaneously saved in 
the shadow register and output from the pushback FIFO, as indicated by block 32. A 
determination is then made as to whether or not the decision to unload the data was 
correct, as indicated by block 33. If the decision to unload was not correct, the 
unloaded data is resaved in the shadow register, as indicated by blocks 33 and 34. 
Then, when the next read cycle occurs, the data stored in the shadow register is output 
from the pushback FIFO, as indicated by block 36. The process then returns to block 
33 where a determination is made as to whether or not the decision to output the value 
stored in the shadow register was correct. If a determination is made at block 34 that 
the decision to unload the data was correct, then the data stored in the shadow register 
is marked as invalid, as indicated by block 37, and the and then the process begins 
over again, as indicated by the line connecting block 34 to block 3 1 . Then, in the next 
read cycle, the next data value will be unloaded from the standard FIFO, stored in the 
shadow register and output from the pushback FIFO, as indicated by blocks 3 1 and 
32. 
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It should be noted that the present invention has been described with reference 
to example embodiments, and that the present invention is not limited to the 
embodiments described herein. Those skilled in the art will understand, in view of the 
discussion provided herein, that modifications can be made to the embodiments 
described above without deviating from the scope of the present invention. For 
example, although the block diagrams of Fig. 1 and 2 demonstrate the storage of one 
data value unloaded from the pushback FIFO, a plurality of registers could be used to 
store values that are output from the standard FIFO and from the pushback FIFO. In 
this way, more a multiplicity of speculative unloads could be performed without 
losing the unloaded data. In this case, only when a data value stored in one of the 
registers is no longer valid (i.e., the decision to use it was correct) would the data 
value in that register be overwritten with a data value unloaded from the standard 
FIFO. Those skilled in the art will understand, in view of the discussion provided 
herein, the manner in which these and other modifications may be made to the 
embodiments described herein without deviating from the scope of the present 
invention. 




